MODIS snow-cover products represent potential improvement to the currently-available operational products mainly because the MODIS products are global and 500-m resolution, and have the capability to separate most snow and clouds. Also the snowmapping algorithms are automated which means that a consistent data set is generated for long-term climate studies that require snow-cover information. Extensive quality assurance (QA) information is stored with the product. The snow product suite starts with a 500-m resolution swath snow-cover map which is gridded to the Integerized Sinusoidal Grid to produce daily and eight-day composite tile products. The sequence then proceeds to a climate-modeling grid product at 5-km spatial resolution, with both daily and eight-day composite products. A case study from March 6, 2000, involving The snow algorithm is not applied when the surface viewed is in darkness.
Determination of darkness comes from the cloud mask product, and is defined where the solar zenith angle is >85°.
Masking of oceans and inland waters is done with the 1-km resolution land/water mask, contained in the MODIS geolocation product.
Since the land/water mask is only 1-kin resolution, the 1-km data of the land/water mask is applied to the four corresponding 500-m resolution pixels in the snow algorithm. The snow-mapping algorithm is not run on ocean waters, but is implemented for inland water bodies (i.e., the Great Lakes). The land/water mask will be discussed further in the Issues and Limitations section of this paper.
Swath product.
The snow data-product sequence begins as a swath (scene) ( This results in a three-dimensional data array in which the observations are "stacked."
The third product, the daily snow product, is generated by selecting the observation acquired nearest nadir and having the greatest coverage of the grid cell from the many observations acquired during a day ( Figure  3B ).
This product also has 500-m resolution. An eight-day composite maximum snow-cover product is produced for each tile by compositing eight days of the daily 500-m resolution products.
If snow were present on any day in any location on the daily tile product, it will showup assnowcoveredon theeight-daycomposite.Eight-dayperiodsbeginfrom the first dayof a year. The eight-day composite map shown in Figure  1 is a special product at ¼o x ¼o resolution, produced from the eight days of the daily product. Maximum snow extent and minimum cloud obscuration is shown during the period. All eight days of observations for a cell are examined. Maximum observable snow extent is reported as the highest fraction of snow observed in a cell during the period. This results in the clearest view of snow cover used to represent the snow extent in the period. Persistent clouds are reported for cells in which cloud cover was 80% or greater for all days of the period. The planned eight-day composite CMG will be produced from the eight-day composite maximum snow-cover product tiles. The procedure is identical to that described for the daily global snow-cover CMG product.
Data archiving and distribution.
The NSIDC is one of eight NASA Data Active Archive
Centers (DAACs), and is part of the Earth Observation System Data and Information System (EOSDIS).
The EOSDIS utilizes the EOSDIS Core System (ECS) that provides uniform support for data management across the DAACs, and the EOS Data Gateway (EDG), which facilitates online Web-based user access to data (Seharfen et al., 2000) . Users can search and order data via the EDG client at NSIDC (http://nsidc.org/imswelcome), and can access information about the MODIS snow products with links to related MODIS web pages http://nsidc.org/NASA/MODIS/.
Issues and Limitations.
There are several unresolved issues in the MODIS snow-cover products. Two of particular importance are the usage of the MODIS cloud mask, and spurious detection of snow. These are described below.
The cloud mask (Ackerman et al., 1998) as it is used currently in the MODIS snow and ice algorithms, tends to overestimate cloud cover as seen in Figure  5 . Figure  5A , is a MODIS swath product of the East Coast of the United States, acquired on December 23, 2000, while Figure  5B , of the same area on the same date, shows the snow cover, but without the cloud mask. On Figure  5B , all non-snow-covered areas are shown as green, including the clouds, and 18% more snow cover is mapped versus when the cloud mask is used. Comparison of this image with the true-color MODIS image reveals that Figure   5B , without the cloud mask, is a more realistic depiction of the actual snow cover than is shown in Figure  5A . The snow algorithm is not applied when the surface viewed is in darkness.
The snow-mapping algorithm does some cloud screening due to its use of MODIS band 6 -in the short-wave infrared part of the spectrum, In other words, we will be looking for other tests of the cloud mask that allow us to map fewer clouds and more snow cover.
The MODIS cloud mask errs in identifying clouds along coastlines and other water bodies when there are no clouds present. Also, on edges of snow-covered regions, a halo of"cloud," one-to-three pixels wide is often mapped when no clouds are observed in the region (see, for example, snow in Figure 4A) . That observation appears to be related to a fuzzy boundary between snow cover and non-snow-covered land. Confusion of cloud over snow has also been observed in regions of rugged snow-covered terrain, e.g., the Sierra Nevada in California.
Spurious
snow cover is detected along some coastlines (e.g., the west coast of Florida and the California coast and the northeastern coast of South America) ( Figure  1 ). These areas consist of a few pixels that are mapped as snow cover, however no snow exists there on the ground. Initial analysis indicates that there is a mismatch between the land/water mask and the MODIS image data. In some cases the land/water mask, which is 1-km resolution, does not accurately map the coastline at least at the 500-m resolution of the snow maps. In addition, some beaches are misidentified as snow as shown in Figure 6 which shows an area just south of San Francisco.
The snow-mapping algorithm is mapping some pixels as snow just inland from the ocean. If the land/water mask were perfectly registered to the snow map, these beaches (erroneous snow pixels) would be on the coastline. They probably represent mixed pixels (water and beach). The mixed pixels may have the reflectance characteristics similar to snow.
Furthermore, some small inland water bodies are not mapped by the land/water mask.
The snow-mapping algorithm may map these water bodies as snow covered especially if they contain shallow water, which often has a relatively high reflectance. Additional work is needed in order to characterize the cause of misidentified snow and then to eradicate it in an objective way.
CASE STUDY

Northeastern United States
March 6, 2000. Shortly after the MODIS instrument began acquiring data, a one-day field and aircraft experiment was undertaken on March 6, 2000, in the area surrounding Keene, New Hampshire ( Figure  7 ). On March 6 th there was an overflight of the NASA ER-2 aircraft with the MAS on-board. Field measurements consisted of: snow depth, extent, temperature, density, sky conditions and tree-canopy density. Two primary sites were studied: Bretwood Golf Course and Tenant Swamp, both northwest of Keene ( Figure  7) . A third site, Spofford Lake, was not safe for in-situ measurements due to the thin ice. Sky conditions were almost completely clear for the entire day over Keene on March 6, 2000.
Snow conditions
at Bretwood Golf Course were patchy while at Tenant Swamp the snow cover was continuous, with 3-10 cm snow depths and snow densities ranging from 350-420 g cm 3 at both sites. On Figure  7 Bretwood Golf Course can be seen clearly on both the MAS image and the MAS-derived snow map, because more snow is visible than in the surrounding areas, including Tenant Swamp, which are forested and therefore the snow cover underneath is partially obscured. A spherical densiometer was used to measure the tree-canopy density at Tenant Swamp. Results showed that the percent of open canopy ranged from 37-51%. Because the tree canopy is obstructing the view of the ground from above, the MODIS and MAS snow maps do not show 100% snow cover on and near Tenant Swamp.
A snow map was derived from MAS data using a prototype MODIS snow-mapping algorithm and is also shown in Figure 7 . Patchy snow cover is evident at the site of the field measurements with the Bretwood Golf Course showing as snow covered even though field measurements reported patchy snow cover. MODIS data from the same day also show patchy snow near Keene as shown in the MODIS snow map in Figure 8 .
Though the snow cover at Tenant Swamp was continuous, according to ground measurements, because of the forests, not all of the snow on the ground is visible. In south-central New York, 26 meteorological stations that are located in the area in question (see Figure 8) were found (NOAA, 2000) . Of these stations, only three reported measurable snow on the ground, six reported a trace of snow and the rest of the stations showed no snow was on the ground.
The stations that had snow on March 6 th tended to be located at the higher elevations, e.g., all of the stations (except for one) that reported any snow were over 350 m in elevation.
In this forested area, it is hard to detect all of the snow on the ground, especially if the sensor is not 'looking' straight down (nadir). The exact amount of snow cover is unknown.
On December 23, 2000, field work was again performed at the same sites near Keene, and, although there was no aircraft overflight, there was a Landsat-7 ETM+ acquisition on that day. According to ground measurements, the snow cover was continuous and snow depths varied from -6-8 cm at all of the sites. The MODIS snow map was registered to a snow map that was developed from ETM+ data (using the MODIS snowmapping algorithm as modified for use with ETM+ data). While the 30-m resolution ETM+ derived snow map showed patchy snow cover, the MODIS map, digitally registered to the ETM+ map, showed nearly continuous snow cover ( Figure  9 ). The binary MODIS snow-mapping algorithm will map snow cover if-50% of the 500-m pixel is snow covered. In this case where the snow is patchy within each 500-m pixel, the MODIS snow map will overestimate the snow cover. An algorithm is under development to map percent snow cover at the subpixel scale (Barton et al., in press; Kaufman et al., submitted).
DISCUSSION AND CONCLUSION
A sequence of MODIS snow-cover products is presented. The orbital swath products are mapped to the integerized sinusoidal grid to creme the daily tile product. Eight days of the daily tile products are used to produce the 8-day composite tile product. These products are at 500-m resolution. The climate-modeling grid (CMG) product will be produced at 5-km resolution and will consist of daily and 8-day composite products. 
